E2F-1 gene therapy induces apoptosis and increases chemosensitivity in human pancreatic carcinoma cells.
Pancreatic cancer is often resistant to conventional chemotherapy. In this study, we examined the role of adenovirus-mediated overexpression of E2F-1 in inducing apoptosis and increasing the sensitivity of pancreatic cancer cells to chemotherapeutic agents. MIA PaCa-2 pancreatic head exocrine adenocarcinoma cells (mutant p53) were treated by mock infection or adenoviruses expressing beta-galactosidase or E2F-1 (Ad-E2F-1) alone or in combination with sublethal concentrations of each chemotherapeutic drug. Cell growth and viability were assessed at selected time points. Apoptosis was evaluated by flow cytometry, characteristic changes in cell morphology and poly (ADP-ribose) polymerase (PARP) cleavage. Western blot analysis was used to examine the expression of E2F-1 and Bcl-2 family member proteins and PARP cleavage. Western blot analysis revealed marked overexpression of E2F-1 at a multiplicity of infection (MOI) of 20 and 70. By 3 days after infection, Ad-E2F-1 treatment at an MOI of 70 resulted in approximately a 20-fold reduction in cell growth and 60% reduction in cell viability as compared to mock-infected cells. Cell cycle analysis, PARP cleavage and changes in cell morphology supported apoptosis as the mechanism of cell death in response to E2F-1. In order to test the efficacy of treatment with a combination of gene therapy and chemotherapy, we utilized concentrations of Ad-E2F-1 which reduced viability to 50% in combination with each chemotherapeutic agent. Cotreatment of the cells with E2F-1 virus and roscovitine (ROS) or etoposide resulted in an additive effect on cell growth inhibition and induction of apoptosis. Interestingly, 5-fluorouracil did not cooperate with Ad-E2F-1 in the mediation of tumor death or inhibition of cell growth. Immunoblotting for Bcl-2 family members revealed no significant changes in the expression levels of Bcl-2, Bcl X(L), Bax or Bak following gene or 'chemogene' therapy with E2F-1. However, a Bax cleavage product was noted which was substantially increased by cotreatment with ROS or etoposide. E2F-1 overexpression initiates apoptosis and suppresses growth in pancreatic MIA PaCa-2 cells in vitro. E2F-1-mediated apoptosis was not associated with significant changes in the expression of Bcl-2 family member proteins in these pancreatic cancer cells. ROS and etoposide, when combined with E2F-1 overexpression, induce apoptosis in an additive manner. This chemogene combination may provide a potentially useful therapeutic strategy for advanced pancreatic cancer.